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Abstract 

The tribal relationships of the Gesneriaceae are investigated using ndhF sequences. A full analysis of 70 taxa 
including 16 species from the Scrophulariaceae. Bignoniaceae. and Acanthaceae as outgroups, resulted in two most- 
parsimonious trees of 5610 steps each. In all trees the Gesneriaceae were a monophyletic group and Paulownui was 
the closest single-species outgroup lor the analysis. Further analyses eliminated all but the members of the Gesneriaceae 
anil Paulownia in order to better assess relationships within the iainily. The smaller analysis resulted in a single most- 
parsimonious tree of 4613 steps. The Klugieae are identified as the sister to the remainder ot the family and could 
potentially be separated as a distinct subfamily. The subfamilies Cyrtandroideae (excluding Klugieae) and Gesnerioideae 
are monophyletic. The placement of Coronanthereae in Cyrtandroideae does not have support from this analysis, whereas 
its placement in Gesnerioideae is supported. Alternatively, Coronanthereae could be segregated as a separate subfamily 
but in order to avoid a paraphyletic Gesnerioideae would either include the Napeantheae and Beslerieae or elevate 
these two tribes to an additional subfamily. Within Gesnerioideae the genus Sinningia is removed from the tribe 
Gloxinieae into the Sinningieae, which also contains the recently combined species Sinningia brasiliensis (IJetzia), as 
well as Paliavana and Vanhonttea. The Cpiscieae, Gesnerieae, Napeantheae. and Beslerieae are identified as mono¬ 
phyletic groups, as are the remainder of the Gloxinieae with Sinningia sensu lato removed. Within Cyrtandroideae, 
several well-supported, monophyletic lineages within the large, heterogeneous tribe Didymocarpeae are identified, and 
with the current data the tribe IHchosporeae appears to he polyphvletic. The distribution of chromosome numbers, 
nodal anatomy, placental structure, and stem modification are examined based on these molecular trees. 


Investigations of higher level cladistic relation¬ 
ships (generic, familial, and above) have recently 
drawn a great deal of attention (Annals of the Mis¬ 
souri Botanical Garden Vol. 80(3); Olmstead et al., 
1992, 1993; Donoghue et al., 1992; Cantino, 1992; 
Judd et al., 1994), These analyses have provided 
tremendous insights toward our classification sys¬ 
tem and process of classification, frequently draw¬ 
ing attention to families that have been separated 
on the basis of primarily woody versus herbaceous 
taxa (Cantino, 1992; Judd et al., 1994) or tropical 
versus temperate (Judd et al., 1994). More recently 
an investigation of the Lamiales sensu lato has in¬ 
dicated that the largest family in this order, Scroph¬ 
ulariaceae, is unlikely to be a monophyletic group 
(Olmstead et al., 1992, 1993; Olmstead & Reeves, 
1995). A thorough investigation of the Scrophular- 
iaceae utilizing DMA sequences from both the rbch 
and ndhF genes has indicated that the family is 
comprised ol at least two monophyletic groups with 


several genera not having any strict affinity to the 
Scrophulariaceae or other related families included 
in the analysis (Olmstead & Reeves, 1995). Like¬ 
wise, < llmstead arid Reeves (1995) found that sev¬ 
eral families traditionally segregated from the 
Scrophulariaceae are best included as members of 
one of the two major lineages (e.g., Plantaginaceae). 

Although most members of the Lamiales s.l. are 
temperate, t lere are some primarily tropical groups 
(Gesneriaceae, Acanthaceae, Bignoniaceae). In or¬ 
der to better assess whether the division between 
these families represents another artificial segre¬ 
gation based on distribution (tropical vs. temperate) 
or woody versus herbaceous (e.g., Bignoniaceae vs. 
Gesneriaceae), a thorough investigation of the Ges¬ 
neriaceae was deemed necessary to complement 
the investigations that have already demonstrated 
monophyly of Acanthaceae (Scotland et ah, 1995) 
and Bignoniaceae (R. Olmstead, pers. comm.), but 
have not sampled widely in the Gesneriaceae. 


1 We are indebted to the following lor sharing plant material: L. E. Skog, W. L. Wagner, J. K. Boggan, Strybing 
Arboretum, M. KMllersjft, B. Nordenstam, R. Dunn, D. Turley, J. Katzenstein, B. Stewart, M. Evans, and the American 
Gesneriad and Gloxinia Society (AGGS) seed fund. We also thank Richard Olmstead and Michael Kiehn for helplul 
comments on the manuscript, funding lor this project was provided by NSF grant DEB-9317775 and a grant from 

AGGS to JFS. 

2 Department ol Biology. Boise State University, 19]i' University Drive. Boise, Idaho, 83725, U.S.A. 

3 Current address: 1263 Londonderry, Idaho Falls, Idaho, 83404, U.S.A. 
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The Gesneriaceae are a mid-sized to large plant 
family comprising approximately 2500-3500 spe¬ 
cies in 120—135 genera, distributed primarily in 
the tropics with a ! ew temperate species in Europe, 
China, and Japan (Heywood, 1978; A. Weber, pers. 
comm.). The majority of species in the Gesneri¬ 
aceae are herbaceous perennials, but can be an¬ 
nuals, shrubs, lianas, and trees. Many species 
(20%) are epiphytic, and the Gesneriaceae rank 
among the top ten plant families in terms of abso¬ 
lute numbers of epiphytic taxa (Madison, 1977; 
Kress, 1986). < iiven the diverse habits of the Ges¬ 
neriaceae, it is not surprising that there is a wide 
array of morphological variation within the family. 
Corolla tubes may be long and prominent as in Col¬ 
umned L., or short as in Saintpaulia Wendl. Leaves 
are opposite in the majority oi the family, but ani- 
sophylly, leading to an alternate arrangement with 
abscission oi the smaller leaf, is common. Many o.l 
these morphologically diverse features o! the Ges¬ 
neriaceae are hypothesized as adaptations to the 
epiphytic habit (Ackerman, 1986). 

i ! te Gesneriaceae are a member of the Lamiales 
s.l. and are distinguished from other families in the 
order by the combination of five-lobed corollas, pa¬ 
rietal placentation, and presence of endosperm in 
most taxa (Cronquist, 1981). However, because 
many of these characters vary within some mem¬ 
bers of the Gesneriaceae (including variation within 
individuals ol some species), there has been con¬ 
siderable confusion regarding the placement of 
some genera. For example, members with axile pla¬ 
centation can be classified incorrectly w r ith the 
Scrophulanaceae, and those genera lacking endo¬ 
sperm potentially may be classified with the Acan- 
thaceae and Bignoniaceae. 

There have been relatively few cladistic analyses 
performed w'ithin the Gesneriaceae (Kvist, 1990; 
Crisci et al., 1991; Boggan, 1991; Smith & Sytsma, 
1994a, b, c; Smith, 1996), and only one (Smith, 
1996' performed at the tribal level. A cladistic 
analysis is desirable to help resolve relationships, 
to determine if the family is monophyletic, and to 
improve classification within the family by rear¬ 
ranging tribes and subfamilies to reflect phyloge¬ 
netic relationships. 

Glassifications of the Gesneriaceae traditionally 
recognize two subfamilies (Gesnerioideae and Cyr- 

tandroideae t (Bentham, 1876; Burtt, 1962, 1977; 
Fritsch, 1893, 1894), but others have included an 
additional subfamily (Coronantheroideae: Wiehler, 

1983; Episcioideae: Ivanina, 1965). The division of 
the family is largely based on the uniform (Ges¬ 
nerioideae). or uneven (Cyrtandroideae) enlarge¬ 
ment of the cotyledons after germination (Burtt, 


1962). Another character that has been useful in 
separating the subfamilies is the presence (Gesner- 
ioideae) or absence (Cyrtandroideae) of endosperm 
in the seed. In addition, tfie Gesnerioideae have a 
neotropical distribution and most species have in¬ 
ferior or semi-inferior ovaries, whereas the Cyrtan¬ 
droideae are primarily paleotropical with superior 
ovaries. However, the geographic distribution and 
ovaiy position are not consistent within the subfam¬ 
ilies. Therefore, although the Cyrtandroideae can 
be defined by a synapomorphic character (uneven 
cotyledon development), the Gesnerioideae have 
been characterized by a symplesiomorphic char¬ 
acter common to dicotyledons in general. 

1 lie two subfamilies have been divided further 
into 9—17 tribes (Bentham, 1876; Built, 1962, 
1977; Fritsch, 1893, 1894; Ivanina, 1965; Wiehler, 
1983; Burtt & Wiehler, 1995). The classification 
schemes differ due to the characters emphasized. 
For example, Fritsch (1893, 1894) placed the Col- 
umneae in the (Cyrtandroideae based on their su¬ 
perior ovary. Later, the 1 Columneae were moved to 
the Gesnerioideae due to the presence of uniform 
cotyledons (Burtt, 1962, 1977 > and combined into 
the Episcieae based on nodal anatomy (Wiehler, 
1983). I his paper presents a cladistic analysis of 
DNA sequences in order that phylogenetic relation¬ 
ships among taxa may be more clearly resolved, 
and a more stable classification scheme proposed. 

The gene ndh is a chloroplast gene that in to¬ 
bacco encodes a protein of 740 amino acids pre¬ 
sumed to be a subunit o> an NADH dehydrogenase 
(Sugiura, 1992). The use of ndhF sequences or 
systematic studies has provided a far greater num¬ 
ber of characters to resolve relationships than stud¬ 
ies using rbcL. The reasons for the increased num¬ 
ber of characters are that the gene is approximately 

50% longer than rbch (2103 vs. 1431 bp in tobacco 
[Wolfe, 1091]) and has a nucleotide substitution 
rate that is approximately two times higher than 
rbe)* based on comparisons of rice and tobacco 
(Sugiura, 1989). In recent studies using this gene 
in the Acanthaceae, Scotland et al. (1995) found 
three times the number of characters compared to 
rbcL, and Olmstead and Sweere (1994) discovered 
60% more variable characters with ndhF in the So- 
lanaceae. Likewise, Clark et al. (1995) have found 
that ndhF sequences are informative for resolving 
relationships within the Poaceae, and Olmstead and 
Beeves (! r >95) have resolved several clades in a 
polyphyletic Scrophulariaceae. The larger number 
of variable characters makes ndhF sequences ideal 
tor taxonomic groups that have not been resolved 
well using r/>cL data, such as members of the As- 
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Table 1. Species sequenced in ibis study with Genbank submission numbers and voucher specimens. J!'S - James 
I*. Smith, WLW - Warren L. Wagner, DEB - Dennis E. Breedlove. SI - Smithsonian Institution, LG - Ixmgwood Gardens. 
Letters in parentheses indicate herbarium where vouchers are deposited. 


Species 

Achimenes skinneri Lind). 

Aesehynantkus micranthus 11. B. Clarke 

■J 

Agalmyla parasitica (Lam.) Kuntze 
Alloplectus meridensis Klotzsch 

Anna mollifolia (W. T. Wang) W. T. Wang & K. Y. Pan 
Asteranthera ovata (Cav.) Hanst. 

Besleria affinis Morton 
Boea hygroscopica F. Muell. 

Chirita sinensis Lindl. 

Codonanthe elegam Wiehler 
Columnea schiedeana Schlecht. 

Cyrtandra hawaiensis C. B. Clarke 

✓ 

Cyrtandra umhellifera Merr. 

Crrtandromoea acuminata Benth. & Hook. 

IF 

Diastema racemiferum Benth. 

Didissandra frutescens Clarke 
Didymocarpus alhomarginata Hemsl. 

Drymonia stenophylla (J. D. Smith) H. E. Moore 
Fieldia australis Gunn. 

Cast era nt hits corail inus (Fritsch) Wiehler 
Gesneria pediceHaris Alain 
Gesneria christii Urban 
Gloxinia sylvatica (HBK) Kunth 
Hemiboea henryi C. B. Clarke 

m 

Kohleria spicata (Kunth) Oerst. 

Lysionotus paiuiflorus Maxim. 

M it raria coccinea Cav. 

Monophyilaea hirticalyx Franch. 

Monopyle macrocarpa Benth. 

Napeanthus costaricensis Wiehler 
Napeanlhus macrostoma Leeuwenberg 
Negria rhabdothamnoides F. Muell. 

Nematanthus hirsutus (Mart.) Wiehler 
Nipkaea oblonga Lindl. 

Opithandra primuloides (Miq.) B. L. Burtt 
Ornithoboea wildeana Craib. 

Paliavana prasinata (Ker-Gawl.) Fritsch 
Par a boea rufescens (F ranch.) Burtt 
Petrocosrnea flaccida Craib 
Primulina tabacum Hance 
Ramonda myconi (L.) Rchb. 

Rhynchoglossum notonianum (Wall.) B. L. Burtt 
Rytidophyllurn tomentosum (L.) Mart. 

Rytidophyllum auricalatum Hook. 

Saint pa alia rupicola B. L. Burtt 

Sarmienta repens Ruiz & Pavdn 

Sinningia (Uetzia) brasihensis (Regel & Schmidt) W iehler 

Sinningia cooperi (Paxt.) W iehler 

Sinningia richii Clayb. 

Solenophora obliqua I). L. Denham & D. N. Gibson 
Streptocarpus hoistii Engl. 

Streptocarpus saxorurn Engl. 

7 i/fl not rich u m oldh a mix (Hemsl.) Soler. 


Voucher 

Genbank 

number 

SI 94-606 

U62177 

JFS 643 (WIS) 

U62169 

SI 94-570 

U62171 

JFS 1182 (WIS) 

U62158 

Skog 94-498 

U62188 

Stewart 12234 (SRP) 

U62204 

LG870575 

U62162 

SI 89-041 

U62205 

SI 94-111 

U62189 

SI 82-45 

U62178 

JFS 288 (WIS) 

U62164 

WLW 6753 (BISH) 

U62172 

WLW 6701 (BISH) 

U62165 

JFS 3539 (SRP) 

U62173 

SI 85-98 

U62156 

SI 94-512 

U62190 

SI 94-509 

U62207 

JFS 2248 (WIS) 

U62159 

Stewart s.n. (SRP) 

U62196 

SI 94-243 

U62163 

SI 94-567 

U62192 

SI 94-507 

U62191 

Dunn 9012051 (SRP) 

U62157 

SI 85-157 

U62180 

SI 94-552 

U62181 

SI 94-158 

U62182 

Stewart s.n. (SRP) 

U62193 

no voucher 

U62168 

no voucher 

U62197 

no voucher 

U62198 

Feuillel (US) 

IJ62161 

Nordenstam 8608 (S) 

U62195 

Olmstead & Reeves, 1995 

L36404 

SI 78-354 

U62160 

SI 93-073 

U62183 

SI 93-075 

U62166 

SI 78-368 

U62174 

Skog s.n. (US) 

U62206 

SI 85-196 

U62184 

SI 93-040 

U62I67 

Katzenstein s.n. (SRP) 

U62185 

SI 94-378 

U62179 

SI 77-235 

U62200 

SI 94-524 

U62199 

SI 94-492 

U62176 

Stewart s.n. (SRP) 

U62194 

Dunn 9104014 (SRPi 

U62175 

SI 94-340 

U62201 

SI 94-5.54 

U62186 

DEB 71542 (CAS) 

U62202 

1 dmstead & Reeves, 1995 

L36415 

JFS s.n. (WIS) 

U62170 

SI 86-106 

U62187 
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Table 1. Continued. 


Species 

Vanhouttea lanata Fritsch 
Outgroups 

Antirrhinum mu jus L. 

Brillantaisia lamium Benth. 

Catalpa sp. 

Celsia arcturus Jacq. 

Crabbea reticulata C. B. Clarke 
Crossandra nilotica 01 iv. 

Digitalis grandiflora Mill. 

Hygrophila corymbosa Lindau 

Martinella obovata (HBK) Bureau & K. Scliiun. 

Paulownia lament osa Steud. 

Selago thunbergii Choisy 

Schlegelia parviflora (Oerst.) Monachino 

Scrophularia sp. 

Tabebuia heterophylla (A. de Candolle) Britton 
Verbascum thaps us L. 

Veronica catenate Pennell 


Voucher 

(Genbank 

number 

SI 94-516 

(J62203 

Olmstead «X Beeves, 1995 

1-36392 

Scotland et al., 1995 

U12654 

Olmstead & Reeves, 1995 

L36397 

Olmstead Reeves, 1995 

L36398 

Scotland et al,, 1995 

U12655 

Scotland et al,, 1995 

U12656 

( Mmstead & Reeves, 1995 

136399 

Scotland et al., 1995 

1112661 

Olmstead & Reeves, 1995 

136402 

Olmstead Reeves, 1995 

136406 

Olmstead & Reeves, 1995 

1.36412 

Olmstead & Reeves, 1995 

1364)0 

Olmstead A Reeves, 1995 

1.36411 

(>1 instead & Reeves, 1 c >05 

136416 

Olmstead & Reeves, 1995 

136417 

Olmstead & Reeves. 1995 

L36419 


teridae and Lamiales s.l. (Olmstead et al., 1992, 
1993; Chase et al., 1993). 

Materials And Methods 

The gene sequences used in this analysis were 
generated by thermal cycle sequencing (Innis et al., 
1988) of previously amplified ndh F regions. The 
ndhF gene was amplified in two overlapping sec- 
nons (positions 1-1350, and 972-2044) from ge¬ 
nomic DNA isolated from fresh, frozen, or silica gel 
dried material (Smith et al., 1992). Once amplifi¬ 
cation products were obtained, the sample was pu¬ 
rified using PCR wizard purification preps (Pro- 
mega) according to the manufacturer’s instructions. 
The purified DNA then was subjected to cycle se¬ 
quencing using the Silver Sequence method (Pro- 
tnega). This sequencing method resulted in se¬ 
quences that could he read within six to eight hours 
after amplification was completed. The products ol 
one round of amplification provided sufficient ma¬ 
terial ior completing the gene sequences described 
here. The advantages of the silver staining proce- 
du re over radioactive methods are safety, minimal 
waste disposal, and speed. 

CHOICE OF TAX A 

I be focus of this analysis was on the tribal re- 

w 

lationships of the k Gesneriaceae and comparison of 
the results of this analysis with one based on mor- 

m 

phological data (Smith, 1996). Genera were select¬ 
ed to represent current and previous tribal classi¬ 


fications within the family and, whenever possible, 
to match genera used in the moqdiological analysis. 
In some instances, a genus that had been used with 
the morphological analysis (Smith, 1996) was not 
readily available for the molecular analysis. There¬ 
fore this molecular analysis contains many taxa that 
have not been included in the morphological anal¬ 
ysis, and direct comparisons will bo made with a 
reduced data set at a future date. The species used 
in the analysis, voucher information, and Genbank 
accession numbers are included in Table 1. 

Genera have been selected to represent the most 
recent tribal classifications with two to ten genera 
from each tribe (Tables 2 and 3). In order to rep¬ 
resent current classification systems along with ear¬ 
lier systems, 48 genera were selected (Tables 2 and 


OUTGROUP SELECTION 

Outgroups were selected to root the tree repre¬ 
senting tribal relationships within Gesneriaceae. 
The best method for doing this is by outgroup com¬ 
parison (Donoghue & Cantino, 1984; Maddison et 
al., 1984). The most appropriate outgroup for the 
tribes of the Gesneriaceae should be the most 
closely related plant family or clade. The Gesner¬ 
iaceae have been placed in the order Lamiales s.l. 
in the subclass Asteridae (or equivalent groups of 
families) in numerous taxonomic treatments (Dahl- 
gren, 1975; Thome, 1976, 1983, 1992; Heywood, 
1978; Takhtajan, 1980; Gronquist, 1981). However, 
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Table 2. Genera of Gesnerioideae (Burtt & Wiehler, 1995) used and their classification status. NT = not treated. 
Subfamilial names are underlined to readily distinguish them from tribal names. Subtribal names are abbreviated as 
Colum. - Columneineae, Codon. - t iodonanthinae. 

Genus 

Wiehler, 1983 

I vanina, 1965 

Fritsch, 1893-94 


Gesnerioideae 

Gesnerioideae 

Gesnerioideae 

.4c/i imenes 

Gloxinieae 

Gloxinieae 

Gloxinieae 

Gloxinia 

Gloxinieae 

Gloxinieae 

Gloxinieae 

Monopyle 

Gloxinieae 

Bellonieae 

Bellonieae 

Niphaea 

Gloxinieae 

Bellonieae 

Bellonieae 

Kohleria 

Gloxinieae 

Kohlerieae 

Kohlerieae 

Diastema 

Gloxinieae 

Kohlerieae 

Kohlerieae 

Sinningia 

Gloxinieae 

Kohlerieae 

Sinningieae 

Vanhouttea 

Gloxinieae 

Kohlerieae 

Kohlerieae 

Paliavana 

Gloxinieae 

Reichsteinerieae 

Kohlerieae 

Lietzia 

Gloxinieae 

Reichsteinerieae 

Sinningieae 

Solenophora 

Gloxinieae 

Solenophoreae 

Solenophoreae 

Gesneria 

Gloxinieae 

Gesnerieae 

' Gesnerieae 

RytidophyUum 

=Gesneria 

Gesnerieae 

Gesnerieae 



Episcioideae 

< Cyrtandroideae 

Columnea 

Episcieae 

Columneae 

Columneae-Colum. 

Codo riant he 

Episcieae 

Columneae 

Columneae-Codon. 

Ne mutanthits 

Episcieae 

Columneae 

1 lolumneae-Colum. 

Alloplectus 

Episcieae 

Episcieae 

Colunineae-Colum. 

Drymonia 

Episcieae 

Episcieae 

Columneae-Coluin. 

Besleria 

Beslerieae 

Episcieae 

Beslerieae 

Gasteranthus 

Beslerieae 

NT 

NT 

Napeanthus 

Napeantheae 

Episcieae 

Klugteae 


Coronantheroideae 

Cyrtandroideae 


Asteranthera 

Coronanthereae 

Mitrarieae 

Coronanthereae 

Sarmienta 

Coronanthereae 

Mitrarieae 

Coronanthereae 

Mitraria 

Coronanthereae 

Mitrarieae 

Coronanthereae 

Fieldia 

Coronanthereae 

Mitrarieae 

1 Coronanthereae 

Negri a 

Coronanthereae 

Coronanthereae 

Coronanthereae 


the relationships among these families are some- 
what ambiguous. A recent cladistic analysis of 
these families based on DNA sequencing of the 
chloroplast encoded rbch gene resulted in poor res¬ 
olution of the relationships of these families (Olm- 
stead et aL, 1993), although these relationships 
have been more resolved with the addition of ndhF 
sequences (Olmstead & Reeves, 1995). 

Three families from the Lamiales s.l. were used 
as outgroups lor this analysis. These were the 
Acanthaceae, Bignoniaceae, and Serophulariaeeae. 
Sequences lor sixteen species oi these three fami¬ 
lies were obtained via Genbank (Table 1; Olmstead 
& Reeves, 1995; Scotland et al., 1995) and includ¬ 
ed representatives from three lineages identified 
within the Serophulariaeeae (Olmstead & Reeves, 
1995). initial analyses used all 16 species as the 
outgroup. Subsequent analyses used only Gesneri- 

aceae with Paulownia Sieb. & Zucc. as the out¬ 
group. 


PHYLOGENETIC ANALYSIS 

Phylogenetic divergence was reconstructed using 
PAUP version 3.1.1 (Swofford, 1993) to implement 
Wagner parsimony Farris, 1970; Farris et al., 
19/0; Swofford & Maddison, 1987). This program 
allows parallel isms and reversals (homoplasy), and 
provides an option for missing data. In this analy¬ 
sis, trees were generated using the general heuristic 
option, saving minimal trees only, with the collapse 
zero-length branches, and ignore uninformative 
characters options in effect. Because of the large 
number of taxa in this analysis, the branch and 
bound and exhaustive search options would have 
consumed an excessive amount of time. Therefore, 
the trees presented here are best approximations 
and not exact solutions. The manner in which the 
program reconstructs phylogenetic sequences is 
sensitive to the order of taxa presentation in the 
data matrix, frequently finding islands of equally 
parsimonious trees depending on the order (Mad- 
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Table 3. Genera of Cyrtandroideae (Burtt & Wiehler, 1995) used and their classification status. NT = not treated. 

The tribe, Didymocarpeae, is abbreviated Didv. in order to show the subtribal classification system of Ivanina (1965) 
and Fritsch i1893, 1894). 

Genus 

Bum, 1962,77 

Ivanina, 1965 

Fritsch, 1893-94 

Ramonda 

Didymocarpeae 

Ramondeae 

Ramondeae 

Saintpaulia 

Didymocarpeae 

Saintpaidieae 

Ramondeae 

Opithandra 

Didymocarpeae 

Didy.-Roettlerineae 

w 

NT 

Didymoca rpus 

Didymocarpeae 

Didy.-Roettlerineae 

Didy.-Roettlerineae 

Didissandra 

Didymocarpeae 

Didy.-Roettlerineae 

1 )idy.-( )reacharineae 

Anna 

Didymocarpeae 

Didy.-Roettlerineae 

NT 

Chirita 

Didymocarpeae 

Didy.-Roettlerineae 

Didy.-Roettlerineae 

Petrocosmea 

Didymocarpeae 

Didy.-Roettlerineae 

Ramondeae 

Tit anotri chum 

anomalous 

NT 

NT 

Cyrta ndromoea 

l^oxonieae/Scroph, 

Klugieae 

Beslerieae 

Paraboea 

Didymocarpeae 

Didy.-Roettlerineae 

Didy.-Roettlerineae 

■m 

Roea 

Didymocaqjeae 

NT 

Streptocarpeae 

Hemiboea 

Didymocarpeae 

Didy.-Roettlerineae 

NT 

Primulina 

Didymocarpeae 

Didy.-Roettlerineae 

Klugieae 

Streptocarpus 

Didymocarpeae 

Didy.-Streptocarp. 

Streptocarpeae 

Ornithoboea 

I )idy mocaq>eae 

Didy.-Slreptocarp. 

Streptocarpeae 

Aeschynanthus 

Trichosporeae 

Trichosporeae 

Trichosporeae 

Agatmyia 

Trichosporeae 

Trichosporeae 

Trichosporeae 

Lvsionotus 

Trichosporeae 

Trichosporeae 

Trichosporeae 

Cyrtandra 

Cvrtandreae 

Cvrtandreae 

Cyrtandreae 

Rh ync hog loss urn 

Klugieae 

Klugieae 

Klugieae 

Monophyllaea 

Klugieae 

Klugieae 

Beslerieae 


dison, 1991). Therefore, it is important to repeat 
the analysis several times. To do this, the search 
strategy of 01 instead and Palmer (1994) was imple¬ 
mented: searching for 1000 trees each in five sub¬ 
sequent analyses with the nearest neighbor inter¬ 
change (NM) search option in effect and mulpars 
“off.” Each o:f the results from the five NNI search¬ 
es was used as the starting treefs) for a search with 
tree bisection reconnection (TBR) and mulpars 
“on.” This strategy was used in the full analysis 
with all 16 non-Gesneriaceae taxa designated as 
outgroups. Likewise, the same strategy was used 
with only the members of the Gesneriaceae and 
Paulownia as the outgroup, and with constraints 
options. 

Branch support analysis was performed to ex¬ 
amine trees that were six or fewer steps longer than 
the most-parsimonious tree (Bremer, 1988; Dotio- 
ghue et al., 1992; Bremer, 1994). This type of anal¬ 
ysis provides an indication of the robustness of the 
data by determining which clades persist in a con¬ 
sensus tree as parsimony is relaxed. This analysis 
was performed by saving ail trees six steps longer 
than the most-parsimonious trees and then exam¬ 
ining subsets of trees one to six steps longer with 
the filter option of PA UP. 

The ndhF sequences used here had several six 
to twelve base pair insertions or deletions (indels) 


inferred from gaps in the sequence alignments, 
which in previous analyses had been re-scored as 
binary characters and used as either an indepen¬ 
dent data set or combined with the sequence data 
(Scotland et al., 1995). These indels were viewed 
as having phylogenetic importance (Scotland et al., 
1995); therefore indels found in the Gesneriaceae 
were removed and examined independently of se¬ 
quence data for their phylogenetic utility. 

i’he monophyly o; various tribal relationships not 
obtained in the most-parsimonious trees was ex¬ 
amined by using the constraints option of PAH IP. 
These included the Trichosporeae, the Didymocar- 
peae, the inclusion of Klugieae in Cyrtandroideae, 
and Sinningieae in Gloxinieae. Also, since the 
analysis with all 16 outgroup taxa resulted in the 
placement of Nematanthus Schrader and Klugieae 
in discrepant positions from traditional classifica¬ 
tions* an analysis wit! all 16 outgroups constrained 
Nematanthus to the Gesnerioideae, and the K u- 
gieae from the Gesnerioideae. The position of Klu¬ 
gieae and ISematanthus was also examined by con¬ 
structing a user-defined tree with a topology of one 
of the two most-parsimonious trees except that Ne¬ 
matanthus was placed in the Episcieae, and Klu¬ 
gieae was placed as sister to the remainder of the 
Gesneriaceae. This user-defined tree was then the 
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starting tree for a search using TBR and mu 1 pars 
on. 

Results 

Complete sequences for the ndh \' gene were ob¬ 
tained for 52 species of Gesneriaceae (Table 1). 
These sequences were supplemented with sequenc¬ 
es from an additional 18 species (2 within Gesner¬ 
iaceae and 16 from related families) from Genbank 
( Cable I). The complete sequences resulted in 849 
phylogenetic ally informative characters among all 
70 species in the full analysis. A smaller analysis 
focused on only the Gesneriaceae species with 
Paulownia as the outgroup. Within this smaller 
analysis 690 nucleotide positions were found to be 
phylogeneticallv informative. Indels were found at 
several positions in the Gesneriaceae from the se¬ 
quences used in this analysis. Two widespread in¬ 
sertions were a 12 bp insertion at position 1440 
and a 6 bp insertion at 1548. Other insertions were 
autapomorphic for species or genera used in the 
analysis (unpublished results). No insertions were 
used in the analysis. The 6 bp insertion was sym- 
plesiomorphic for the Gesneriaceae. The 12 bp in¬ 
sertion was also symplesiomorphie for the Gesner¬ 
iaceae; however, sequence divergence within this 
insertion provides an additional synapomorphy for 
the clade comprised of Columnea , Drymonia -Mart., 
and Alloplectus Mart. (Fig. 4). where a single base 
pair transition characterizes these three genera. 
Other base pair substitutions and insertions were 
found within this 12 bp insertion but, with the cur¬ 
rent level of sampling, were autapomorphic. 

Cladistic analysis was performed initially with all 
70 taxa of the four families (Gesneriaceae, Scroph- 
ulariaceae, Acanthaeeae, and Bignoniaceae) and all 
taxa in the three outgroup families designated as 
the outgroup. This analysis resulted in two trees of 
5610 steps each (consistency index (Cl) = O.30, 
retention index (HI) — 0.48), all of wTiich indicated 
the Gesneriaceae were a monophyletic family and 
that the genus Paulownia (Scrophulariaceae) was 
the closest outgroup (Figs. 1, 2). 

Subsequent analyses were performed to minimize 
computer analysis time that utilized only the t ies- 
neriaceae and Paulownia as a designated outgroup. 
This reduced analysis resulted in a single most- 
parsimonious tree of 4613 steps (Cl = 0.27, RI = 
0.38 ) (Figs. 3, 4). Some taxa that have been 
thought to he monophyletic, or comprised tribes, 
were examined using the constraints option of 
PAUP to determine the impact of the monophyletic 
grouping on the remainder of the data and to de¬ 
termine the number of additional steps required to 


construct these trees. The analysis required four 
additional steps to create a monophyletic Trichos- 
poreae, five for a monophyletic Didymocarpeae, two 
to include the Klugieae in the 1 lyrtandroideae, and 
four to include the Sinningieae in the Gloxinieae. 
Constraining the analysis of all 70 taxa to place 
Klugieae as the sister to the Gesneriaceae and Ae- 
matanthus within the Episcieae resulted in four 
trees 58 steps longer than the most-parsimonious 
trees regardless of whether the constraint option of 
PAUP, or user defined trees w r ere implemented. 

Discussion 

The cladistic analysis of 54 species of Gesaeri- 
aceae with 16 species of Scrophulariaceae, Bigno¬ 
niaceae, and Acanthaeeae as outgroups resulted in 
a monophyletic Gesneriaceae with the single genus 
Paulownia (Scrophulariaceae) indicated as the 
closest outgroup (Figs. 1, 2). These results verified 
that the Gesneriaceae are distinct from other mem¬ 
bers oi the Lamiales s.l. and not an artificial unit 
based on their largely tropical distribution and her¬ 
baceous habit as has been seen for some family 
pairs (Judd et al., 1994). The full analysis is largely 
in agreement with the position of the taxa in the 
reduced analysis with the exception of the positions 
of Nematanthus and the tribe Klugieae. The place¬ 
ment of Nematanthus as the sister to the remainder 
of the family is very far removed from its traditional 
classification within the Episcieae (Fig. 1 l lake- 
wise the Klugieae are placed unusually in the sub¬ 
family Gesnerioideae (Fig. 2). The most likely ex¬ 
planation for the anomalous placement of these taxa 
is the high level of homoplasy between the Ges¬ 
neriaceae and the outgroups. This is exemplified 
w r hen 15 of the 16 outgroup species are removed 
from the analysis. In the reduced analysis both Ne¬ 
matanthus and Klugieae are in more expected po¬ 
sitions regarding relationships to the remainder of 
the family. An alternative explanation is that be¬ 
cause of the size of the data set, PAUP did not find 
the shortest tree and that a shorter tree with all 70 
species exists that places Nematanthus and the 
Klugieae in their more expected relationships. This 
latter explanation is unlikely since searches con¬ 
straining these taxa to their more traditional posi¬ 
tions, or a user-defined tree that placed them there, 
resulted in four trees that w’ere 58 steps longer. 

The reduced analysis resulted in a single most- 
parsimonious tree (Figs. 3, 4). Three major mono¬ 
phyletic divisions within the family correspond to 
subfamilies Gesnerioideae and Cyrtandroideae (mi¬ 
nus tribe Klugieae) and tribe Klugieae in a separate 
position as a potential third subfamily. Traditional 
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Gesnerioideae 


C v rtandra hawaiensis 
Cyrtandra umbellifera 
Hemiboea 
Lysionotus 
Aeschynanthus 

Petrocosmea 

Opithandra 

Anna 

Didissandra 

Didymocarpus 

Omithoboea 

Primulina 

Agalmyla 

Boea 

Paraboea 

Streptocarpus saxorum 
Saintpaulia 

Streptocarpus holstii 

Ramonda 

Chirita 

Titanotrichum _ 

Nematanthus - 

Paulownia - 


CY 


GE 



Antirrhinum 

Digitalis 

Veronica 
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Celsia 
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Brillantaisia 
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Crabbea 

Crossandra 
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SC 


SC 
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BI 


Figure 1. Strict consensus of two most-parsimonious trees of 5610 steps each (Cl = 0.30, Rl = 0.48) displaying 
the outgroup taxa, BI—Bignoniaceae, AC—Acanthaceae, SC—Scrophulariaceae, and the subfamilies of the Gesneri- 
ceae, GE—Gesnerioideae and CY—Cyrtandroideae. The remainder of the Gesnerioideae are displayed in Figure 2, 
See text for explanation of [position of Nematanthus in this cladogram. 
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Diastema 

Monopyle 

Achimenes 

Kohleria 

Sinningia brasiliensis (Lietzia) 
Sinningia richii 

Gesneria christii 
Gesneria pedicellaris 

Rytidophyllum tomentosum 
Rytidophyllum auricula turn 

Codonanthe 

Solenophora 

Gloxinia 

Niphaea 

Alloplectus 

Columnea 

Drymonia 

Paliavana 

Sinningia cooperi 
Vanhouttea 

Napeanthus macrostoma 
Napeanthus costaricensis 
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■ Gasteranthus 


GE 
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Rhynchoglossum 



a 


Asteranthera 

Mitraria 

Sarmienta 

Negria 


K1 

SC/CY 

GE 



GE 


Figure 2. Strict consensus of two most-parsimonious trees of 5610 steps each (Cl = 0.30, RI = 0.48) displaying 
the GE Gesnerioideae, and some CY—Cyrtandroideae. Cyrtandromoea has been placed in either the SC—Scrophu- 
lariaceae or the Cyrtandroideae and is i ’heated as such on this figure. ■ he remainder of the 1 Cyrtandroideae are 
displayed in Figure 1. See text for the explanation of position of the tribe Klugieae (Kl) in this cladogram. 
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Figure 3. Single most-parsimonious tree of 4613 steps (Cl = 0.29, RI = 0.38) from the analysis of the species in 

tli.- < i.-sm-riiii eac with only Paulouriin ISC— S< rophiiliiriaCMe) designated ns tin- outgroup. Displaced in this lit'tirt- an- 
the tribes of the Cyrtandroideae, K1—Klugieae, H—Titanotricheae, Di—Didymocarpeae, Tr—Trichostioreae and Cv_ 
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CyrtanrJreae. The Gesnerioideae are displayed in Figure 4. Numbers along branches are the synapomorphies inai support 
those dades. Numbers in parentheses indicate those synapomorphies that are homoplastic in this tree. Numbers below 
-hes are decay values. Branches with no value indicated have a decay value of l 
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Figure 4. Single most-parsimonious tree of 4613 steps (Cl = 0.29, RI = 0.38) from the analysis of the species in 
the Gesneriacrae with only Paulownia designated as the outgroup. Displayed in this figure are the tribes of the 
Gesnerioideae, Co—Coronanthereae, Be—Beslerieae, Na—Napeantheae, Si—Sinningieae, Ep—Episcieae, Ge—Ges- 
neneae, and G1 Gloxinieae, The Cyrtandroideae are displayed in Figure 3. Numbers along branches are the syna- 
pomorphies hat support those clades. Numbers in parentheses indicate those sytiapomorphies that are homoplastic in 
this tree. Numbers below branches are decay values. Branches with no value indicated have a decav value of 1. 
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classification schemes have placed tribe Klugieae 
in the Cyrtandroideae (Table 3); however, the in¬ 
clusion of tribe Klugieae within subfamily Fyrtan- 
droideae would result in a paraphyletic Cyrtandroi¬ 
deae. The removal of this tribe to a third subfamily 
would result in a monophyletic Cyrtandroideae. The 
monophyletic groups within the subfamily Gesner- 
ioideae correspond highly with traditional classifi¬ 
cation systems for this subfamily (Wiehler, 1983) 
and a previous cladistie analysis based on morpho¬ 
logical data (Smith, 1996). The relationships within 
the Cyrtandroideae are less congruent with previ¬ 
ous taxonomic treatments, mainly due to the limited 

m 

understanding and sampling of the large, hetero¬ 
geneous tribe Didymocarpeae Burtt, 1962). 

SUBFAMIUAL GROUPINGS 


separate subfamilial status for Coronanthereae due 
to the numerous autapomorphic characters pos¬ 
sessed by members of this group, such as fusion of 
the nectary' to the ovary wall and high chromosome 
numbers (Wiehler, 19<»3). The morphological data 
would allow the < loronanthereae to be either a 
monophyletic tribe within the Gesnerioideae or a 
separate monophyletic subfamily without disrupting 
the taxonomy of any other group (Smith, 1996). 
However, based on the molecular data presented 
here, if the 1 Coronanthereae were raised to subfam¬ 
ily level, it would either include the tribes Napean- 
theae and Beslerieae from the Gesnerioideae or ne¬ 
cessitate elevating these two tribes as an additional 
subfamily (Fig. 4). Therefore it is recommended 
that the Coronanthereae be treated as a tribe of the 
Gesnerioideae rather than a separate subfamily. 


I’he separation of the * Gesneriaceae into two sub¬ 
families (including Coronanthereae in the Gesner- 
ioi leae) has become well accepted during the past 
30 years since the discovery of unequal cotyledon 
enlargement in the (-yrtandroideae (including mem¬ 
bers of the tribe Klugieae) and equal cotyledon en¬ 
largement in the Gesnerioideae (Burtt, 1962). How¬ 
ever, from a cladistie viewpoint the Cyrtandroideae 
are defined by a synapomorphy whereas the Ges¬ 
nerioideae are defined by a symplesiomorphy. One 
problem with this character is that it has not been 
examined thoroughly for all members of the differ¬ 
ent su1 1 families, including many of the taxa used in 
this analysis. 

Although an analysis of morphological data that 
included cotyledon expansion did not support the 
monophyly of the Cyrtandroideae (Smith, 1996), the 
cladistie analysis of ndhF sequences presented 
here demonstrates both a well-supported monophy¬ 
letic Cyrtandroideae (Klugieae excluded) and Ges¬ 
nerioideae (Figs. 3, 4). The monophyly of the Ges¬ 
nerioideae is supported in both a morphological 
analysis (Smith, 1996) and this molecular analysis 
(Fig. 4). The Cyrtandroideae were paraphyletic in 
a cladistie analysis of moq>hological data (Smith, 
1996) but are well supported with ndhF sequences 
(Klugieae excluded), although the position of Titan - 
otrichum Solereder as sister to the remainder of the 
Cyrtandroideae is supported with only 22 homo¬ 
plastic character state changes (Fig. 3). 

The placement o: t Coronanthereae within the 
Gesnerioideae is well supported with ndh\ se¬ 
quences (Fig. 4) as it is with morphological data 
(Smith, 1996). This tribe does not belong in the 
subfamily Cyrtandroideae as had been proposed 
earlier (Fritsch, 1894). Wiehler (1983) in his treat¬ 
ment of the neotropical (Gesneriaceae suggested a 


TRIBAL RELATIONSHIPS 
GESNERIOIDEAE 


Among the relationships within the Gesnerioi¬ 
deae, the primary lack of congruence between this 
analysis and the most recent classification scheme 
by Burtt and Wiehler (1995) is the polyphyly of the 
Gloxinieae. i owever, the removal of Sinningia 
Nees (including Lietzia Regel, hut not including 
Paliavana Vandelli or Vanhouttea Lem.) has been 
proposed previously (Fritsch, 1893, 1894) as the 
tribe Sinningieae. The monophyly of Paliavana, 
Lietzia, and Sinningia has been proposed by Bog- 
gan (1991), where all three genera were proposed 
to he members of Sinningia as the result of a mor¬ 
phologically based cladistie analysis of Sinningia 
species and several related genera. These results 
were not supported with a morphology-based cla- 
distic analysis (Smith, 1996), most likely due to 
limited sampling among these taxa (Sinningia sen- 
su stricto was represented only by Sinningia sect. 
Corytholoma and Vanhouttea was not included). 


The results presented here indicate that Sinningia 
(including the recently combined Lietzia), Palia¬ 


vana, and Vanhouttea should be removed from 
Gloxinieae and placed in a separate monophyletic 
tribe Sinningieae. Although Sinningia is paraphy¬ 
letic in this analysis (Fig. 4), limited sampling from 
this large genus leads only to a tentative conclusion 
that both Paliavana and Vanhouttea should be 
combined into Sinningia to create a monophyletic 


genus. 

i ie sister relationship of the Beslerieae and Na- 
peantheae has been hinted at based on the overlap 
of several diagnostic characters between these 
tribes (Skog. 1995; Skog & de Jesus, 1996). How¬ 
ever, the sister relationship of these two tribes to 
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the Coronanthereae (Fig, 4) has not been proposed 
previously. Although the morphological data did not 
indicate sister group status, the data did indicate a 
close affinity among these three tribes (Smith, 

1996). 

Among the recent classification schemes pro¬ 
posed for the Gesnerioideae, Burtt and Wiehlers 
(1995) is the closest approximation to the results 
obtained in this study. The subdivision of Wiehler’s 

w 

(1983) Gloxinieae into the Bellonieae, Kohlerieae, 
Rechsteinerieae, and Solenophoreae (Ivanina, 
1965) (Table 2) is not supported by this clad Stic 
analysis. Likewise separating Wiehler’s (1983) 
Gloxinieae into Bellonieae, Kohlerieae, and Solen¬ 
ophoreae (Table 2; Fritsch, 1893, 1894) is not sup¬ 
ported except for the removal of the Sinningieae 
(Fig. 4), which would also necessarily include PaT 
iavana and Vanhouttea (included in Fritsch’s Koh¬ 
lerieae; Table 2). The placement of Napeanthus G. 
Gardner in the Klugieae (Cyrtandroideae) (Table 2) 
as proposed by Fritsch (1893, 1894) is inappropri¬ 
ate. 

CYRTANDROIDEAE 

Burtt’s (1962, 1977) classification system or the 
Cyrtandroideae is closer in agreement to this cla- 
distic analysis than previous classification schemes 
(Ivanina, !965; Fritsch, 1893, 1894). However, the 
monophylv of the largest tribe, the Didytnocarpeae, 
is not supported by this analysis (Fig. 3). Likewise 
none of the subtribes created by Ivanina (1965) or 
Fritsch (1893, 1894) are supported as monophyletic 
groups (Fig. 3, Table 3). The Trichosporeae are not 
supported as a monophyletic clade (Fig. 3). Al¬ 
though this tribe was weL supported in the mor¬ 
phological analysis (Smith, 1996), four additional 
steps beyond the most-parsimonious tree are re¬ 
quired to make this clade monophyletic with ndhF 
data. 

The position of Titanotrichum las been problem¬ 
atic, although this genus has consistently remained 
in the Gesneriaceae (Burtt, 1962, 1977; Wang et 
al., 1992; Burtt & Wiehler, 1995). Titanotrichum is 
a member of the Cyrtandroideae based on these 
data, and perhaps may be viewed best as a mono- 
typic tribe (Titanotricheae; Wang et al., 1992), sis¬ 
ter to the remainder o! die subfamily. However, the 
posi i ion of Titanotrichum as the sister to the re¬ 
mainder of the Cyrtandroideae is only weakly sup¬ 
ported with 22 homoplastic character state changes, 
and the resolution of its placement is lost in the 
strict consensus of all trees only one step longer 
than the most-parsimonious tree. Therefore, it is 
likely that Titanotrichum , or the lineage leading to 


this species, diverged early in the evolution of the 
family. The placement of Titanotrichum within the 
Gesneriaceae is discussed elsewhere (Smith et ah, 

1997). 

The I fidymocarpeae are a large heterogeneous 
tribe that includes the majority o) genera in the 
Cyrtandroideae (Burtt, 1962, 1977; Wang et al., 
1992). In this analysis it is a paraphyletic assem¬ 
blage that includes the Cyrtandreae and Trichos¬ 
poreae (Figs. 1, 3). Because of the large size o: the 
Didymoearpeae, and the limited sampling of the 
tribe in this analysis, no conclusions regarding its 
monophyly, or potential division into other tribes, 
are recommended at this time. Further morpholog¬ 
ical investigations in this tribe are under way (B. 
L Burtt and A. Weber, pers. comm.), and a cladis- 
tic analysis that focuses on this group will be valu¬ 
able toward understanding its relationships. Several 
well-supported monophyletic groups within the Di- 
dvmocarpeae can he identified (Boea Commerson 
ex Lamarck /Paraboea (C. B. Clarke) Ridley, Hem- 
ihoea C. B. Clark e/Lysionotus D. Don, Didissandra 
C. B. Clarke/Didymocarpus Wallich, and Strepto - 
carpus lAndU Saint paulia ). It should be noted that 
Didissandra and Didymocarpm, although forming a 
monophyletic clade in this analysis, are both large 
heterogeneous genera and that sampling different 
species may have resulted in different placement. 
By focusing on morphological characters of these 
groups it may be possible to identify more inclusive 
monophyletic tribes out of the paraphyletic Didy- 
mocarpeae. Much greater sampling within this large 
group will be necessary before any major realign¬ 
ment can begin. 

An unexpected result of this analysis is the pa- 
raphyly of Strepto carpus. The most likely explana¬ 
tion tor this paraphyly is limited sampling, with 
only two species of Streptocarpus and one of Saint- 
paulia . However, it is interesting to note that Saint- 
paulia is one of the few genera within the Gesner¬ 
iaceae to have a chromosome number of n = 15 
(Skog, 1984). The only other genera that share this 
number are some species of Streptocarpus , includ¬ 
ing both S. saxorum and S. holstii , and some spe¬ 
cies o Aeschynanthus Jack (Skog, 1984). The pos¬ 
sibility that Saintpaulia is derived from within 
Streptocarpus , as indicated by ndhF sequences and 
chromosome numbers, currently is being investi¬ 
gated with greater sampling. 

The Trichosporeae traditionally have been 
viewed as a monophyletic tribe defined by the pres¬ 
ence of seed appendages not present elsewhere 
within the family ( lurtt, 1962, 1977; Wang et al., 
1992). Based on morphological data, the Trichos¬ 
poreae were one of the most strongly supported 
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lubes in a morphology-based cladistic* analysis 
' Smith, 1996). However, it is apparent from this 
analysis of ndhF sequences that the selection of 
characters that define the Trichosporeae is inappro¬ 
priate (e.g., seed appendages are common in the 
closely related Bignoniaceae). Alternatively, it is 
possible that inadequate sampling from the Tri¬ 
chosporeae or the large tribe Didymocarpeae may 
be causing the separate placement of the three gen¬ 
era sampled from the Trichosporeae. This latter hy¬ 
pothesis is unlikely, because one of the more 
strongly supported clades in the analysis placed tjy- 
sionotus (Trichosporeae) with Hemiboea (Didymo¬ 
carpeae) and away from the other genera of the Tri¬ 
chosporeae (Fig. 3). 

KLUGIEAE 

! klugieae are monophyletic and are the sister 
group to the remainder o( the Gesneriaceae (Fig- 
3). The placement of this tribe in the Gesnerioideae 
(Fig. 2) in the full data analysis most likely is due 
to homoplasy or the result of an incomplete search 
tor the shortest tree. The monophyly and sister 
group status of this tribe also was supported with a 
cladistic analysis of morphological data (Smith, 
1996). The Klugieae possess numerous autapo- 
morphic characters relative to other Gesneriaceae 
such as narrow medullary rays, and verrucate edges 
of Hie cells of the seed coat (Smith, 1996). The 
placement of ■ yrtandromoea Zoll. in the Klugieae 
of the Cyrtandroideae was proposed previously by 
1 vanina (1965), although other investigations indi¬ 
cated that this genus should be excluded from the 
Gesneriaceae on the basis of floral anatomy Burtt, 
1965; Singh & Jain, 1978), The placement of Cyr- 
tandromoea in the Gesneriaceae is discussed else¬ 
where (Smith et ah, 1997). 

EVOLUTION OF NON-MOLECULAR CHARACTER STATES 
CHROMOSOME NUMBERS 

Several chromosome counts are synapomorphic 
and non-homoplastic based on this cladistic anal¬ 
ysis. Large numbers of chromosomes (n — 30+) are 
unique to the Coronanthereae and would serve as 
an additional character to separate this tribe from 

the remainder of the family (Skog, 1984). A chro¬ 
mosome base number, x, ol 14 characterizes the 

Gesnerieae (Wiehler, 1983; Skog, 1984). The cla¬ 
distic analysis of morphological data was unable to 
separate the Gesnerieae from the tribe Gloxinieae 
although it represented a monophyletic group with¬ 
in it (Smith, 1996). The inclusion of chromosome 
numbers (which were excluded due the large num¬ 
ber of character states) might have removed Ges¬ 


nerieae from Gloxinieae as seen here with sequence 
data. 

Most < doxinieae sampled here «excluding Solen- 
ophora (tenth., Niphaea Lindl., and Achimenes 
Pers.) have x = 13 (Wiehler, 1983; Skog, 1984). 
In ad lition, the members of the Sinningieae that 
have been examined also have x = 13 (Skog, 
1984). This similarity in chromosome base number, 
along with other character states, has led previous 
researchers to include the members of the Sinnin- 
gieae within the Gloxinieae (Wiehler, 1983). How¬ 
ever, based on the analysis presented here, the Sin¬ 
ningieae are best viewed as a tribe separated from 
the » doxinieae, and x = 13 is homoplastic. 

Other homoplastic chromosome numbers are x = 
l ! Niphaea and Achimenes), and x = 9 (Alloplec- 
tus , Drymonia, Columnea, and some Didymocarpus 
species). Although most of these homoplastic 
counts serve little phylogenetic utility, the count of 
x = 9 serves to characterize a portion of the Ep- 
iscieae. Most members of the Episcieae have x — 
9, but taxa with x = 8 ( Codonanthe (Mart.) Hanst. 
and Nematanthus) may represent another chide 
(Fig. 4). Further sampling within the Episcieae may 
reveal if this clade (Fig. 4) continues to be sup¬ 
ported or is the result of sampling in this analysis. 

Other chromosome counts in the t Cyrtandroideae 
are highly variable even within genera, and no pat¬ 
tern emerges from the counts of the species that 
have been included in the analysis, with the ex¬ 
ception of the Streptocarpus/Saintpaulia counts dis¬ 
cussed above. 

NODAL ANATOMY 

Another useful character for the Gesneriaceae is 
nodal anatomy (Wiehler, 1983). Unfortunately only 
the subfamily Gesnerioideae has berm sampled 
thoroughly for this character, and the lack of data 
for the Cyrtandroideae necessitated the exclusion 
of this character from the morphological analysis 
(Smith, 1996). H owever, if nodal anatomy is 

w 

mapped onto the trees from this molecular analysis, 
this character can provide useful phylogenetic in¬ 
formation. The tribe Episcieae (Fig. 4) is defined 
by a three-trace trilacunar node that is unique 
among the Gesnerioideae, although this character 
state is known from the Cyrtandroideae. The unique 
presence oi this character state within the Gesner¬ 
ioideae adds further support to the monophyly of 
die Episcieae. The three-trace trilacunar node may 
be symplesiomorphic for the Cyrtandroideae, as all 
taxa with available data for this character (Saint- 
paulia , Streptocarpus , and Cyrtandra Forster & For¬ 
ster) possess a three-trace trilacunar node except 
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Aeschynanthus, which has a one-trace trilacunar 
node common to the Gesnerioideae. 

PLACENTA 

The placenta in the Gesneriaceae is either intact 
or divided to the base (I vanina, 1965). This char¬ 
acter was included in a cladistic analysis of mor¬ 
phological data and served as a character state that 
brought the Episcieae, Beslerieae, and Napean- 
theae together in a single clade (Smith, 1996) as 
the only taxa sampled that had divided placentae. 
.Although this character state is consistent with the 
relationship between the Napeantheae and Besler¬ 
ieae, the character state is homoplastic between the 
Episcieae and Napeantheae/Beslerieae based on 
the data presented here (Fig. 4). 

STEM MODIFICATION 

Several members of the Gesneriaceae possess 
modifications of the stems (rhizomes and tubers), 
presumably as adaptations to periodic dry seasons 

iehler, 1983). The presence of scaly rhizomes is 
found almost exclusively, and is widespread, within 
the Gloxinieae (W iehler, 1983). Among the taxa 
sampled here, the presence of scaly rhizomes 
senes as a synapomorphy for the tribe Gloxinieae, 
although t ey are not known from the woody genus 
Solenophora. Scaly rhizomes also are known from 
the Cyrtandroideae, including Titanotrichum (Kao 
& DeVol, 1972; Wang et al., 1992). 

Tubers are widespread among species of Sinnin - 
gin including Lietzia ,which has recently been com¬ 
bined into Sinningia (Wiehler & Chautems, 1995). 
Alti tough tubers sen r e o unite these genera, and to 
separate them from the Gloxinieae, tubers are not 
known from Pahavana or Vanhouttea . lowever, not 
all species of Sinningia are tuberous, and the lack 
of tubers in these species can be regarded as intra- 
tribal oi intra-generic variation. Tubers also are 
knowii from several species in the Episcieae {Dry- 
mania, Chrysothemis Dene., Nautilocalyx Lind, ex 
Hanst., Paradrymonia Hanst., and Rhoogeton 
Leeuwenberg) as well as one member of the Glox¬ 
inieae (Lembocarpus Leeu wen berg). Further studies 
that include these taxa will hopefully resolve the 

number of times tubers have originated within the 
Gesneriaceae. 

BIOGEOGRAPHY 

■ ' tr. 11 1 1 ?s »mj si division of the Gesneriaceae into 
two subfamilies (excluding the Klugieae, which 
may stand best as a third subfamily) is well sup¬ 
ported in this analysis and is in agreement with the 


biogeographic distribution of these taxa. The Cyr¬ 
tandroideae (excluding the Klugieae) are distrib¬ 
uted almost exclusively in the paleotropics with a 
few temperate European and Asian species. Two 
African genera were included in this analysis, both 
of which are in a single clade (Saintpaulia and 
Streptocarpus). (inly one of the European taxa [Ra- 
monda L. C. Richard) has been included in this 
analysis; therefore nothing can be inferred regard¬ 
ing the origin of these taxa at this time. 

Members of the tribe Klugieae range from India 
to south China, Taiw r an, the Philippines through 
Malaysia, Indonesia, and into New Guinea. Dis¬ 
crepancies from this distribution include a single 
species of Rhynehoglossum Blume found in Central 
and South America. The presence of Rhynchoglos- 
sum azureum (Schlecht.) B. L. Burtt in the Neo- 
i ropics represents a secondary dispersal event in 
the family, because all other members o! the Klu¬ 
gieae are found in the Old World. 

The Gesnerioideae are almost exclusively neo- 
tropical, but with the inclusion of the Coronanthe- 
reae within this subfamily the Gesnerioideae now' 
encompass several Australian and South Pacific is¬ 
land species. 
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